The Belle experiment at the KEK B factory has collected 93 fb 
When CP violation was first observed in neutral kaon decay, in the early 1960s, it shook the foundations of particle physics. It had previously been assumed that the combination of charge conjugation and a parity transformation left all known particle interactions invariant, despite the fact that weak interactions violated parity alone. Over the following three decades CP violation in the K 0 system
was measured with ever increasing precision in an attempt to pin down its source.
In the 1970s Kobyashi When one includes the relative phase between these two amplitudes we get an expression for the time dependent CP asymmetry: The key ingredient is having a high luminosity source of B mesons -a B factory. Two dedicated machines were built in the late 1990s to address this. The A cross-section of the cylindrical Belle detector is shown in fig. 3 . The detector elements are arranged asymmetrically around the interaction point to increase the acceptance for B meson decay products.
Working outwards from the collision point B meson decay products encounter a three layer silicon vertex detector (SVD) that measures charged particle trajectories with 55 µm precision (at 1 GeV/c) and the separation of b decay vertices with a precision of 100 µm in z. They next pass through a Helium filled drift chamber (CDC) that measures track momenta with a precision of σ p /p = (0.2p ⊕ 0.3)% (p measured in GeV/c) providing excellent mass resolution for B decays into charged daughter tracks. This is followed by a Cesium-Iodide crystal calorimeter (CsI) that has better than 2% energy resolution for 1 GeV photons. Belle's particle identification system includes an aero-gel Cerenkov counter system (PID) and a time of flight system (TOF) that can distinguish kaons from pions up to 3.5 GeV/c with 90% efficiency and fake rates of less than 5%. These systems are followed by the solenoid coil and then a K 0 L and muon detection system (KLM) that identifies muons with less than 2% fake rate above 1 GeV/c. As a hadron absorber it also detects K 0 L showers with an angular resolution of a few degrees. The Belle detector has operated reliably over the first two years of KEK-B operation, accumulating 78 fb −1 on the Υ(4S) resonance corresponding to 85 million BB pairs that can be used to study CP violation in B 0 decay. rate. This is one of the crucial ingredients to measuring CP violation. We use our flavour tagging algorithm, described above, to classify events into six different ranges of r, shown in fig. 7 . One sees that the observed amplitude of the mixing oscillation is much less in the sample tagged with lowest reliability (top left) while the amplitude of the oscillation (at ∆t = 0) almost reaches 1 for those events that our algorithm tags with the highest reliability (bottom right). Figure 8 shows the correct tag probability from the six plots in fig. 7 versus the average r for each sample. The correct tag probability, 1 − 2w l , is extracted from w l -the probability that a tag gives the wrong charge sign. In cases were samples (see fig. 7 ). The measured tagging probabilities (1 − 2w l ) are used to weight the flavour determination in fits to CP eigenstates.
Flavour Tagging in B
w l approaches 0.5 (a 50-50 guess at the charge of the b quark) the probability of correctly tagging the flavour of the B meson goes to 0. Conversely, when w l goes to 0, one approaches a 100% correct tag probability. Figure 8 shows a strong correlation between our tagger's reliability, r, and the correct tag probability as measured in our control sample. These measured tag probabilities are used to weight the CP eigenstate decays in the fit to extract their decay asymmetry.
With this algorithm we extract some tagging information from 99.5% of all B decay candidates in Belle. While some of the events have tags with low reliability, we measure an overall tagging efficiency of 28.8 ± 0.6%, corresponding to almost 1/3 of our B sample being perfectly tagged. This represents an improvement from an effective tagging efficiency of 27.7 ± 1.2% in previous measurements arising from an increase to our low-momentum track reconstruction efficiency and an improved silicon alignment -allowing us to associate more tracks with the tagging B decay vertex. The reduced uncertainty on our tagging efficiency is the result of tripling of the size of the control data sample.
Total 2958 
CP Eigenstate Event Samples

Results
We perform a maximum likelihood fit to all our B 0 → ccK candidates to extract their time dependent asymmetry (as shown in eqn. 1). This fit includes the flavour tagging probability, uncertainties on the measured separation between the two B meson decays (converted to ∆t using the B meson boost) as well as the purity of the signal for each type of decay. The J/ψK 0 S (π + π − ) candidates receive the highest weight because they have much smaller backgrounds (see table 1 ).
We first perform this fit separately for candidates with CP = −1 (the bulk of our data) and CP = +1 (our J/ψK 0 L sample), shown in figs. 11 and 12, respectively. We find the magnitude of the fit asymmetries are equal, but they have opposite sign -as expected. The fit results are reported in table 3. We then combine all candidates into a single fit (see fig. 13 ) -inverting the sign of ∆t for the CP = +1 candidates -and obtain: sin 2φ 1 = 0.719 ± 0.074(stat.) ± 0.035(sys.)
The systematic uncertainties involved in this measurement are listed in table 2.
The largest of these uncertainties are derived from measurements of our control samples -for example the flavour tagging discussed in section 3.2 -and thus can be expected to shrink as more data becomes available. 5 The overall systematic uncertainty is small compared to the statistical precision which bodes well for future measurements. Table 2 : Systematic uncertainties on the measurement of sin 2φ 1 .
3.5
Cross-checks of sin 2φ 1 We perform a number of cross-checks on non-CP eigenstate samples, all of which exhibit null asymmetries with statistical precisions ranging from 0.02 to 0.09. We do not include these as systematic uncertainties as we find no evidence of bias but they provide additional confidence in our main result. We have also subdivided our data into different sub-samples to see whether there is any evidence for systematic variations in our result. Finding none (see table 3 Table 3 : Cross-checks of sin 2φ 1 from fits to subsets of the data.
The B 0 → K + π − branching fraction -three times larger than the B 0 → π + π − branching fraction -is strong evidence that the penguin amplitude (right diagram in fig. 14) is not small. In the decay B 0 → π + π − the CKM elements involved predict an asymmetry proportional to the angle φ 2 . However the penguin diagram can introduce a non-CKM phase thus:
where θ can come from phases at the gluon vertices in the penguin process. While waiting for measurements of the various B → ππ branching fractions 6 with sufficient precision to constrain θ, it is still interesting to measure the π + π − asymmetry and perhaps get some hint for the size of the combination sin(2φ 2 + θ). Since these events are fully reconstructed we are able to measure both the beam-constrained mass, m bc , and the difference between the reconstructed energy of the B candidate and the beam energy, ∆E. Figure 16 shows the distributions of both of these variables for our B → h + h − sample. Comparing the m bc distribution for these candidates to that of the ccK candidates in fig. 9 one sees that the background is much more prominent. In the ∆E distribution (on the right in fig. 16 ) one can see the source of these backgrounds. The remaining continuum background populates ∆E almost uniformly -falling linearly with increasing ∆E due to phase space -and is represented by the dotted line. B decays to three or more particles, where we have missed one in our reconstruction, populate the low ∆E region (grey line) at a much lower rate than the continuum. Finally,
candidates that have not been rejected by our particle identification produce a peak at ∆E ≈ −0.045 GeV. This peak is shifted because these candidates have been reconstructed assuming that both B 0 decay daughter tracks are We restrict our CP fit to candidates that have |∆E| < 0.067 GeV, eliminating the mis-reconstructed B background entirely and leaving us with 74 π + π − candidates, 28 K + π − candidates and about 100 candidates that come from the e + e − continuum.
The CP Fit
We perform an event-by-event likelihood fit to the time dependent asymmetry for the B → π + π − candidates. In order to maximise our sensitivity to the π + π that mimic those in our data. We find that 1.6% of these toy Monte Carlo samples return a fit value farther from (S ππ , A ππ ) = (0, 0) than our data. It will be interesting to see how this result evolves as more data becomes available. 
Summary and Future Prospects
Belle has studied the decay of B 0 mesons into a number of CP eigenstates. The most precise measurement of sin 2φ 1 to date comes from the modes B 0 → ccK.
Most of the systematic uncertainties involved in that measurement come from calibrations of our flavour tagging and decay vertexing procedure based on control samples. Thus it is reasonable to expect that the precision on sin 2φ 1 -both statistical and systematic -will improve as more data becomes available. Figure 20 shows a prediction of how the precision on sin 2φ 1 will scale as Belle collects more data. The lowest curve shows the evolution of the systematic uncertainty on sin 2φ 1 in the ccK measurement. It should improve until as least 1000 fb −1 (1 ab −1 ) of data has been collected. At that point we expect an overall precision (uppermost thin line in fig. 20 ) of δ sin 2φ 1 ≈ 0.025.
The rarer modes will also benefit from the increase in statistics. Belle expects to be able to accumulate 1 ab 
